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Introduction
The homogenization process is very intimately con-
nected with the manufacture of several dairy products. It
has proved to he the most important factor contributing to
the present popularity of ice cream.
Early in the present century science began to
study the improvement of ice cream and the crude machinery
then used in its manufacture. The introduction of the
homogenizer or rather the encouragement because of the
beneficial physical influence on the product has stimulated
a general interest in this phase of the manufacturing process.
It is conceded that the homogenization process is indispen-
sable to the manufacture of good commercial ice cream, yet
there are several questions unanswered which prevent a full
understanding of the problem.
Within the past five years scientists have inves-
tigated the subject and explanations have been advanced con-
cerning the effects of single and double stage homogenization
at different pressures on mixes variable in composition and
treatment. These studies have been the basis of the conclu-
sions: (1) that homogenization creates a stable emulsion of
the fat in the plasma by the breaking up of the fat globules
into particles of smaller size and (2) that it increases the
viscosity and surface tension of the fluid according to the
amount of pressure used»
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In practice we know that too much viscosity in an
ice cream mix is not beneficial to the rate of whipping dur-
ing the freezing process* We also know that a low viscosity-
is required with certain types of freezers, yet unhomogenized
mixes do not give satisfactory results with the machinery now
in use. The emulsifying effect of homogenization, although
giving more viscosity, improves the texture and body of the
ice cream when processed at a suitable pressure. In this
connection, the use of the double stage homogenizer is known
to have a decreasing effect on viscosity, while the improve-
ment on body and texture of the finished ice cream is not
diminished.
This brings us to the question of the double stage
homogenizer as a means of controlling the viscosity and, if
it is effective in this respect, whether this viscosity con-
trol will bring about more efficient freezing and an improved
finished product. Since the comparative influences of single
and double stage homogenization have not been definitely es-
tablished for different pressures and mixes of varying com-
position and source of ingredients, it is a problem worthy
of considerable study.
The writer wishes to add the results of his inves-
tigation to the available information on the subject, real-
izing fully the value of a comparative study of homogenization
pressures and their effects. However, no final scientific
explanations are attempted, due to the complexity of the sub-
ject. The limited time has not permitted the desire to extend
the study beyond the specific phases of the problem as it was
originally planned.
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Review of Literature
Homogenization of an ice cream mix disintegrates
the fat globules, increases the surface area of the fat,
causes the mixture to he more receptive to the incorporation
of air, and lessens the stability of the ice cream. Increas-
ing the butterfat of an ice cream mix decreases the amount of
free serum, increases the viscosity and surface tension, per-
mits the use of a lower homogenization pressure, and improves
the quality of the resultant ice cream. The temperature of
the mixture in the freezer reflects directly upon the total
time to freeze and control of the overrun. 13
Fisher8 homogenized a series of mixes, one group
testing 12 per cent fat and 10 per cent serum solids, the
other 14 per cent fat and 10 per cent serum solids, at 3000
pounds pressure and found that the process increased the vis-
cosity of the mixes with the increase of acidity and fat.
Mortensen11 stated that pasteurization decreases
viscosity of cream, but on aging the viscosity increased in
the same ratio as the fat content. The body and texture of
an ice cream made from homogenized cream was superior to the
body and texture of an ice cream made from raw or pasteurized
aged cream.
Turnbow and Raffetto15 state that homogenization
increases viscosity by dividing the fat globules many times,
thereby increasing the surface area exposed for the adsorption
of the water and other colloids. Less serum increased the
viscosity. They further state that a small amount of pressure
on the second valve is required to disperse the clusters and
give the "best results because too much viscosity is not de-
sirable.
Dahlberg and Hening1 substantiate the work of
Mortensen11 They show that high viscosity in whipping cream
is the result of fat clumping and, by homogenizing the ice
cream mixture, the fat globules are brought together in large
clusters, also that more or less serum is enclosed by the fat
globules themselves in the clustering.
7Doan draws the conclusion that the protein of dairy
fluids are de-stabilized by homogenization and that this effect
is increased with the fat concentration and the efficiency of
homogenization.
The same writer, in a previous work on milk and
cream , states that homogenization results in fat clumping
which is greatly stimulated by increase of fat and homogeniza-
tion pressure up to a critical zone of plasma solids/fat ratio.
This critical ratio appears to be between »6Q and »85 for mix-
tures of raw products pasteurized at 100°F. and viscolized at
3500 pounds pressure.
Dahle3 , Reid and Garrison12 , Dahlberg and Hening1 ,
and Mortensen11 concur in their opinions that homogenization
of an ice cream mixture improves the quality (meaning body,
texture, and flavor) of an ice cream.
Reid and Skinner14 conclude that a reduction of
viscosity through the use of double stage pressures does not
injure but rather improves the quality of the ice cream. Low
pressures and no processing are conducive to poorer body
and texture, coldness and coarseness in the ice cream,
while extremely high pressure produces *doughiness w and
*toughness"
•
Dahle, Keith, and McCullough5 show that when
the single stage homogenization pressure was increased, the
pH value increased slightly. This change was more notice-
able in a 12 per cent fat mix than in one of 10 per cent
fat, the increase of pressure ranging from 2500 pounds to
3500 pounds. This was also confirmed by Doan»'
Procedure
The method of processing used in this experiment
is similar to that employed in commercial work. Therefore,
the results are of practical significance. Batches of
standardized mixes varying from 300 to 500 pounds were
made and all calculations were confirmed by further tests.
The ingredients were mixed in the pasteurizing
vat, heated to 145° to 150 °r. for 30 minutes and then
processed at different pressures with a Gaulin two-stage
homogemizer having a capacity of 60 gallons an hour.
From 25 to 30 pounds of the unprocessed mix were
drawn for each sample at the pasteurization temperature and
homogenized at the following pressures.
Homogenization Pressures
(in pounds to the sq » in.)
Series A Unprocessed 2500 single 3000 single
3500 single 4000 single
Series B Unprocessed 2500 single 2500 - 500
250-0 - 1000 2500 - 1500 2500 - 2000
Series C Unprocessed 3000 single 3000 - 500
3000 - 1000 3000 - 1500
Series D Unprocessed 3500 single 3500 - 500
3500 - 1000 3500 - 1500
Series E Unprocessed 4000 single 4000 - 500
4000 - 1000 4000 - 1500
All pressures in the first part of the work were
checked with a Jewell Electric Ammeter having a total range
of 20 amperes divided into »2 of an ampere.
Bach of the experimental catches were cooled im-
mediately over a surface cooler to 40°!'. Samples were
obtained for determination of viscosity, protein stability,
microscopic examination, and hydrogen-ion concentration.
After aging for 24 hours at a temperature of 38° to 40°F.
,
samples were again taken for viscosity and protein stability.
The batches were then frozen in a 1-gallon brine freezer
adapted for research purposes. Temperature and overrun read-
ings were taken at minute intervals during the freezing proc-
ess, after the freezer was pre-cooled by freezing a pre-
liminary batch on which no data were recorded. A Mojonnier
ice cream overrun and weight tester was used for all overrun
determinations.
Apparatus Used for Investigation
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Two pint samples of ice cream were drawn at 90
per cent overrun and placed in a hardening room at
-10°i<.
for 3 weeks "before being submitted to three judges for
scoring on texture and body. One pint sample was used for
melting resistance, time of exposure being recorded for
complete melting.
About 25 cc of the melted ice cream mixture was
then collected for another protein stability test.
Testing
As already stated, all mix calculations were con-
firmed for their fat and total solids content. The modified
Babcock test was used for fat determinations on a duplicate
9 gram sample. The Mojonnier test was used for the de-
termination of total solids. 10
The -viscosity of the mixes was taken before and
after aging, using a 50 cc pipette the end of which had been
cut off to permit a better flow of the mix. Time was record-
ed with a stop watch in fractions of a second for the mix to
drain from the etched line to constriction at base of the
bulb.
The hydrogen-ion concentration was determined elec-
trometically
,
using the Quinhydrone Calomel Electrode. Re-
sults represent the average of two trials, all of which
checked to »002 millivolt and are given in terms of pH»
The protein stability of the mix was determined in
duplicate before and after aging and after freezing, it was
recorded as the least amount of alcohol, 95 per cent by
weight (sp. gr. .8041? at 20°C), required to produce the
first trace of coagulation in 5 cc of serum solids not fat
calculated.
The microscopic examination of samples consisted in
a preparation of diluted mix (1-100 dilution) in which 1 cc
of 14 per cent fat mixture in 99 cc distilled water was taken
as a standard dilution. All determinations were performed on
processed mixes at different homogenization pressures after
5 hours of aging, using a standardized microscope of 450
magnifications on hanging drop preparations.
Composition of Different Mixes
To give a better understanding of the results, con-
sidering the number of mixes variable in composition and proc-
essed at different homogenization pressures, the work was
divided into three different parts in which presentation and
discussion of the results will be given separately.
In the first part a comparison of single and double
stage homogenization at different pressures was made on an
ice cream mix which was taken as the standard of comparison
for the different mixes used in the second and third parts of
the work. The ingredients used in this standard mix were
sweet cream, skim milk and skim milk powder, cane sugar, and
gelatin. They were standardized to give the following com-
- 10 -
position* 14 per cent butterfat, 10 per cent serum solids,
15 per cent sugar, and »4 per cent gelatin.
The second part of the work consisted of a com-
parison of single and double stage homogenization at differ-
ent pressures on mixes variable in fat and serum solids not
fat content. The ingredients used were of the same source
as for the standard mix previously mentioned but calculated
to give the following composition.
i"at Variable
Mix 1 - 10% fat - 10^ serum solids - 15% sugar - *4% gelatin
Mix 2 - 14% • - 10% • « 15% « ~ .4% *
Milk Serum Solids Variable
Mix 1 - 10% fat - 10% serum solids - 15% sugar - ©4$ gelatin
Mix 2 - 10% • - 1Z% « • - 15% * - .4%
Mix 5 - 14% * - 10% * « - 15% - *4% •
Mix 4 - 14% * - 1Z% » • 15% • - »4% *
All mixes were homogenized at the different pressures
of series A, B , C, D, and E (p» 6)*
In the third part of the work a comparison of single
and double stage homogenization at different pressures was
made on mixes variable in the source of fat, using butter in-
stead of sweet cream, and on mixes without gelatin, all other
ingredients being of the same source as for the standard mix
(Part I).
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In the homogenization series A, B, C, D, and E,
the following mixes were processed.
Source of Pat Variable
Mix 1 - 14# fat (cream) - 10% serum solids - 15% sugar - *4#
gelatin
Mix 2 - 14# » (butter) - 10jf • • - 15% sugar - .4$
gelatin
Gelatin Variable
Mix 1 - 14$ fat - 1Q% serum solids - 15% sugar - <>4# gelatin
Mix 2 - 14$ * - 10j* • • 15% « - *Q% •
12 -
Discussion - Part I
Comparison of single and double stage homogeniza-
tion at different pressures on standard ice cream mix.
Viscosity
Homogenization mfc.eth.er on a single or double stage
machine brought similar but not identical results. It is
agreed by many research men that homogenization increases
the viscosity of the mix and allows the butterfat globules
to clump together. All agree that single stage pressure
is particularly responsible for such an increase. Some ex-
press the opinion that 1500 pounds single stage pressure
gives as great a viscosity as in high pressures with double
stage homogenization.
The increase of pressure in single stage homogeni-
zation on a 14 per cent fat mix increases gradually the vis-
cosity up to a certain pressure and then a noticeable de-
crease appears with further increase of pressure. The total
viscosity increase in 24 hours of aging seems slightly
affected by the variation of pressures » at least detectable
by the test using a 50 cc pipette. There seems* however,
to be a certain relationship to the viscosity after cooling
which presents a rather interesting problem in relation to
the dispersions of fat globules in their ability to clump.
(Table I, Series A.)
13 -
Doan studied recently the influence of single
stage homogenization, 3500 pounds pressure, on the clump-
ing of a milk mixture of a different plasma solids/fat
ratio and found a "threshold point of clumping" above
which a critical zone exists including the ratio respon-
sible for no evident clumping.
This standard mixture (14 per cent fat and
10 per cent serum solids) has a plasma solids/fat ratio
corresponding almost to the one found "by Doan, consequent-
ly existing in the critical zone showing no evident clump-
ing at 3000 - 1000 pounds pressure and positively no clumps
at 3500 pounds single stage pressure*
Double stage homogenization, in general, decreases
the basic viscosity of a mix as seen in Table I, Series B,
C, D, and E. With the increase of pressure in the second
valve, the first one being constant, the viscosity increases
accordingly. The effects are corresponding to the influence
of the first valve and, when a decrease of initial viscosity
is noted due to the homogenization process, a corresponding
effect is seen with the appearance of the second valve.
The writer realizes the futility of attempting to
explain the exact physical phenomenon, but results indicate
that there is a plasma solids/fat ratio at which a certain
homogenization pressure inhibits clumping. This is direct-
ly reflected on the mix by a definite decrease of initial
viscosity and less increase with aging. Thereafter, the
- 14 -
homogenization pressure increases the viscosity of the
mix as far as there is a tendency for the fat globules
to clump rather than by the reduction of the surface
area due to continuous division and dispersion of fat
globules.
These small sized globules, when dispersed in
a mix, do not seem to reduce the amount of free plasma
fluid as much as does the presence of fat clusters. The
presence of a small amount of gelatin in the mix seems
to increase the tendency of the fat globules to clump
through its ability to combine with plasma (water) which
is regarded as a colloidal phenomenon.
Protein Stability
During the past few years, more attention has
been directed to the study of the serum of dairy fluids.
The serum, containing soluble substances many of which
are ionic in nature, influences the state of the plasma
colloids (casein, albumin, calcium phosphate, etc.) for
which it acts as dispersion medium. The homogenizing
process in dividing the fat globules requires more dis-
persion medium and consequently reduces the amount of
free plasma fluid of the mixture.
The physico-chemical effects of the homogeni-
zation process are difficult of investigation and results
obtained are extremely hard to explain or even perhaps to
properly appreciate. The complexity of the protein in
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the dairy fluid and its rather variable stage in which
it seems to occur from day to day complicates the study
of the results, which coincides with a more or less in-
adequate understanding of the test itself. It is "be-
lieved that alcohol has a dehydrating action and de-
natures proteins quite readily. Casein is precipitated
as calcium caseinate and there is no sudden release of
salts as is the case in heat coagulation.
The alcohol test on the 14 per cent fat
standard mix shows a de-stabilizing effect on the pro-
tein stability by homogenization, which is not only a
change in the stage of the protein, as it happens in
mixes of different composition, but a constant variation
to the different homogenization pressures applied. So
specific effect seems possibly to be attributed to double
stage homogenization. However, a slight increase in
stability variation seems to occur with the increase of
total pressure.
Table I shows the protein stability of single
and double stage homogenization at the different pressures,
Series A, B, C, D, and B.
The aging of the mix, in general, decreases
slightly the protein stability of the mix. The tempera-
ture at which mixes are aged seems to have more effect
than the homogenization pressures themselves. The
freezing process, according to data not shown in this
- 21 -
paper, has no viaible effect on the protein stability of the
mix. The same amount of alcohol is required to coagulate
the mix immediately after freezing as after 24 hours of
aging. The storage of an ice cream has some decreasing
effect on the protein stability of the mix. Ho uniform
change is shown in the results after three weeks of storage
at -10 °F.
Table I, Series A, B, Ct D, and S shows the effect
of aging and storage of ice cream on the protein stability
of the same mix homogenized at different pressures >
Hydrogen-ion Concentration
Single stage homogenization of a 14 per cent fat
ice cream mix decreases the hydrogen-ion concentration, which
becomes more marked with the increase of pressure* An in-
crease of butterfat content or milk serum solids not fat
seems to render more sensitive the effect of homogenization
pressure on the pH change of the mix. However, insufficient
data do not permit offering more precision than an interest-
ing possibility.
Double homogenization of the mix, or the use of
the two-stage valve, increases the pH slightly as compared
with the effect of single stage homogenization.
The aging of the mix does not seem to have any
effect on the pH value of the mix when held at 40°F. for
24 hourso
22 -
Effect of Single Stage Homogenization Pressures on
Hydrogen-ion Concentration Expressed
in pH
Homogenization:
Pressure t
Mix I t
14% fat, 1Q% S*S. :
Mix II
14j£ fat, 10% S.S.
Applied t
pH value t pH value
Unprocessed : 6.055 t 6.185
2,500 single t 6o250 t 6.2325
3000 • t 6.285 I 6.350
3500 H : 6.295 t 6.305
4000 t 6.325 :
•
•
6.330
The Freezing Process
The "benefits of homogenization on the freezing
process are numerous. In fact, the advantages of homogeni-
zation are so generally recognized that the writer does not
consider it necessary to repeat them here. However, the
effect of different pressures, especially in regard to
single and double stage homogenization, brings about dif-
ferent results which should be discussed here.
Graphs I, II, III, IV, and V* indicate the differ-
ence in freezing and whipping time between homogenized and
unhomogenized mixes, as well as the effect of different
pressures of homogenization upon the rate of freezing and
whipping. The time to reach a definite percentage of over-
- 22a -
- 221j -
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Per cent overrun
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run is, in general, decreased by homogenization but in-
creases with the increase of homogenization pressure.
High pressure, however, decreases the rate of whipping
and the per cent of overrun desired is obtained in a
minute or so longer time hut with more regularity than
with low pressure of homogenization.
Double stage homogenization does not show any
marked effect on the freezing process except when a high
pressure (1500 pounds) is exerted by the second valve.
In all trials at this pressure, it has affected the rate
of whipping and decreased the amount of overrun for the
same length of freezing time and temperature.
As will be seen in the second and third parts
of this work, the effects are somewhat different with mixes
of different composition and variable in source of ingre-
dients. However, similar results have been obtained from
mixes higher in butterfat content (16 per cent fat and 10
per cent serum solids) , using ingredients of the same
source.
The reduction in size of the fat globules and
their better dispersion in the plasma serum due to the
homogenization process are the plausible explanations for
the increased rate of whipping, also giving the desired
overrun in a shorter time. Still, excessive reduction
and dispersion of fat globules seem to decrease this
ability for short whippingo
- 24 -
Melting Resistance
The melting resistance of a 14 per cent fat ice
cream, homogenized at different pressures, show3 a dif-
ferent relationship to the pressure applied in single or
double stage homogenization. All samples exposed at room
temperature (74°F») have shown a superior resistance of
melting to the unprocessed mix» except when double stage
was used with fairly high pressure on the first valve.
Graph IA furnishes a basis for the conclusion
that single stage homogenization pressures do not affect
the melting resistance of the ice cream to a great extent,
even with a pressure as high as 4000 pounds.
Double stage homogenization, however, decreases
the resistance to melting noticeably and more intensely
with the increase of pressure on the second valve. The
total amount of pressure applied is not the contributing
factor for such behavior (lack of resistance to melting),
especially with high pressure in the single stage homog-
enizer. In the double stage process there seems to be a
relation with the increase of pressure on the second valve
and the pressure given on the first valve.
This effect of single and double stage homogeni-
zation does not give identical results in all sorts of
mixes. As it will be seen in the second and third part,
the composition, the source of ingredients, etc. influence
the results obtained..
- 24a -
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Observations collected on 16 per cent fat and
10 per cent serum solids ice cream seem to agree very
closely to the effect of single and double stage homog-
enization at different pressures (such as found for the
standard 14 per cent mix). The amount of foam residue
on the screen is, however, greater with the 16 per cent
than with lower fat ice cream, especially with high
pressure in the single stage process.
Judging the Ice Cream
The primary purpose of this investigation was
to determine the effect of homogenization at different
pressures, comparing single and double stage, on the
physical properties of the ice cream. Scoring and judging
were employed in each case, and although there is no
scientifically accurate and definite measurement to be
used in determining texture, body, resistance in mouth,
etc., yet the uniformity between judges gave very accep-
table results.
Prom each of the five series of pressures the
following individual pressures were chosen by the judges
as yielding the best ice cream in their respective groups.
Series A - 3000 pounds
Series B - 2500-500 pounds
Series C - 3000 single and 3000-1000
Series D - 3500-1000
Series B - 4000-500
- 26 -
The final judging for the best ice cream, body and texture,
from samples chosen in the previous five series gives the
following classification.
First - 2500-500 and 3000 pounds
Second - 3000-1000 pounds
Third - 3500-1000 pounds
Fourth - 4000-500 pounds
The unprocessed ice cream showed a coldness in the
mouth and a very coarse, buttery body and texture.
All homogenized samples showed a satisfactory smooth,
close body and texture which increased with the increase of
pressure, especially with the appearance of second stage homog-
enization. The difference in resistance of melting between
high single and double stage homogenization pressure is detec-
table in the mouth but not to a marked extent. However, the
increase of pressures in both single and double stage homogeni-
zation gave a lack of body which was considered by the judges
as detrimental and explains their attitude in choosing lower
pressures of homogenization as giving a superior body and
texture.
The effect of different single stage homogenization
pressures on mixes variable in butterfat content offers in-
teresting points for study. The viscosity of a low fat mix
(10 per cent) is increased very slightly with the increase of
pressure and no visible change or decrease in viscosity is
corresponding to the pressure at irahich the fat globules show
no clumping (3500 pounds single stage in case of 14 per cent
fat mix.
)
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PART II
Comparison of Single and Double Stage Homogenization at Dif-ferent Pressures on Mixes Variable in Butterfat and
Serum Solids Hot Fat Content
Viscosity
The 50 cc pipette was used in all viscosity de-
terminations of mixes after thorough stirring and at the
aging temperature of 40°P»
The Viscosity of Mixes Variable
in Eat Content
The effect of different single stage homogeniza-
tion pressures on mixes variable in butterfat content offers
interesting points for study. The viscosity of a low fat
mix (10 per cent) was increased very slightly with the in-
crease of pressure. Ho visible change or decrease in vis-
cosity occurred at the high pressure at which the fat glob-
ules ceased to clump (3500 pounds single stage in case of
14 per cent fat mix) •
Double stage homogenization causes a very slight
decrease in viscosity of a low fat mix ( 10 per cent) in
comparison with single stage, but no effect is seen with
the increase of pressure in the second stage.
A comparison of single and double stage homogeniza-
tion at different pressures on mixes variable in fat content
(Table II, Series A, B, C, D, and E) indicates that butter-
fat is the principal ingredient affected by homogenization
and shows the effect of different pressures when in suffi-
- 29 -
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With mixes of higher fat content the increase
of serum solids not fat gives different homogenization
effects. It decreases the viscosity before aging as
well as the viscosity after 24 hours of aging when com-
pared with mixes 2 per cent lower in serum solids and
homogenized at the same pressures. The second stage
causes a marked decrease in viscosity which seems to
be affected invariably with the increase of the second
valve pressure.
Microscopic examination made on mixes contain-
ing 14 per cent fat and 12 per cent serum solids showed
clumping at all pressures below 300CU100Q pounds. Above
this, no clumps were evidento With mixes of 14 per cent
fat and 10 per cent serum solids, clumping was evident
at all pressure combinations with 3000 pounds on the
first stage or below. Clumping did not appear with
pressures above 3500 pounds. Prom this evidence we may
conclude that with increases in serum solids content
the pressure at which clumping will disappear is lowered.
Tables III and IV, Series A, B » C, D, and E
show the comparative difference of homogenization pres-
sures on mixes variable in serum solids contento
Protein Stability
As already stated, Doan 7 and others conclude
that the proteins of dairy fluids are de-stabilized by
35 -
on
homogenization which increases with the fat concentrati
and efficiency of homogenization,.
The results obtained in these investigations
proved, as far as the test is concerned, that fat is
necessary to obtain instability of protein by homogeniza-
tion, especially at a certain concentration corresponding
to the amount of serum solids present. All homogenized
samples have shown a slight variation in state or form
of protein over the unprocessed mix, but not all showed
an absolute instability of protein or a regular variation
when different pressures were applied by the single or
double stage homogenizer.
A study of Graph VT reveals a very interesting
point in connection with the plasma solids/fat ratio of
the mix. Bo variation of protein stability occurs in the
lower fat content mix having a plasma solids/fat ratio
of 1 per cent while a very unstable protein is seen in
the higher fat mix having .75 per cent plasma solids/fat
ratio, both mixes being homogenized at the same pressures.
No relationship concerning single or double stage homog-
enization seems to affect protein stability nor the amount
of pressure applied in one or both stages. This brings
one to the conclusion that there is a plasma solids/fat
ratio at which the protein of the mix is not only removed
from its original stage by a homogenization pressure as
low as 2500 pounds, and remains unchanged by greater
pressure, but loses its stability entirely after passing
through a critical zone.
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For further evidence concerning this possi-
bility, the writer prepared a series of mixtures of
different plasma solids/fat ratio which were processed
at different homogenization pressures. The results of
some 300 alcohol tests were compiled and observed. The
data indicate a probable critical zone at which the
plasma solids/fat ratio becomes a factor of slight pro-
tein instability. Through this zone the instability in-
creases gradually until it becomes noticeably unstable
to different homogenization pressures. This plasma
solids/fat ratio seems to vary between »70 to .85 per
cent, forming a critical zone which seems to decrease
slightly with an increase of total milk solids.
Graph VII shows the application of the criti-
cal zone to mixes of different serum solids and fat con-
centration. Protein stability is affected within this
range by different homogenization pressures. It should
be mentioned that the length of the zone might be changed
with the efficiency of the homogenizer and other factors
not anticipated. In fact, the writer has made no attempt
to make a complete study of the subject and does not pre-
tend to explain fully the facts. Further investigations
would be necessary for a clearer understanding and perhaps
for a better means of measuring protein stability.
However, three different theories can be advanced
in an effort to explain this physical change.
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First ; That the working efficiency of the
homogenizer may be a factor influencing the protein
stability by its dispersion of fat globules in the plas-
ma and especially by a better multiplication of the fat
globules.
Second ; That the pasteurization temperature
and time of exposure may bring a physico-chemical reaction
to the original or primary form of protein, rendering it
capable of reacting to the homogenization pressure applied
or the temperature at which it is homogenized.
Third; That protein instability may be due to
a lack of serum solids surrounding the fat globules or an
improper proportion of it to the increased number of fat
globules due to homogenization. Thus a thin interfacial
layer of protein is created which causes a more or less
intense reaction of the dehydrating effect of the alcohol
on the protein.
According to this study, it seems improbable
that homogenization alone would be a direct cause since
all samples showed a slight but constant change in protein
stability outside the critical zone which was not influ-
enced by the total amount of pressure applied. The in-
fluence of temperature of pasteurization, although having
some possibilities, is refuted by some recent investiga-
tions.
*
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It is the writer»s opinion that the working
efficiency of the homogenizer to disperse and divide
the fat globules in greater numbers with an improper
proportion or ratio of serum solids to fat combined
together is the most plausible explanation to be
accepted and also the one that coincides the most with
the results obtained.
Some thought was given to the question of
seasonal variation in the composition of milx. However,
experimental results were obtained at different seasons
of the year on similar mixes and no practical differ-
ence was noted when dairy products were of the same
quality. Again, it must be repeated that a slight varia-
tion in the state of the protein was observed from day
to day, which seemed quite normal, but no variation
occurred due to seasonal effects*
It was noted that the presence of gelatin (<>4
per cent) in the mix did not seem to have any influence
on the protein stability when the critical zone was reached.
Effect of Aging and Freezing on Protein Stability
Aging the mix, as well as freezing and hardening
ice cream, had a slight effect in decreasing protein
stability. This was shown by trials on the standard mix.
The effect was not found to fluctuate with changes in com-
position of the mix. The reduction in stability (due to
aging, freezing, and hardening) was found to be slight.
It can be expressed in a fraction of a cc of alcohol.
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Sandiness
Tor the purpose of finding the effeete of
Afferent single and doubie stage homogenization
pressure on sandiness, two iots of Is per cent fat
were kept in storage at a uniforr. temperature for a
Period of 13 .eeks. They were then Judged for sandi-
ness (lactose crystallization^ .»n^»udxj.xzata j. All samples showed
sandiness to a variable extent. No specific difference
could be attributed to the variation in butterfat con-
tent of the ice cream. However, there was a slight
tendency for sandiness to decrease as the total homog-
enization pressure was increased, but no difference
could be noted between samples homogenized at single
and double stage pressures.
The Freezing Process
In studying the freezing process of the ex-
perimental samples, no attempt was made to determine
the best method of control in freezing, or the influence
of temperature of mix, brine, etc. The study aimed to
determine the comparative effect of single and double
stage homogenization at different pressures on mixes
variable in fat and serum solids content. Care was taken
to freeze all samples in a uniform manner, using the same
experimental freezer with a brine temperature range of
-5° to -7 P.
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Mixes Variable in Fat Content
An increased concentration of fat in mixes, all
other factors being constant, caused a tendency to incor-
porate air less readily, consequently to take a longer
time for freezing. Single stage homogenization decreased
the freezing time with the increase of pressures in both
10 per cent and 14 per cent fat mixes, due not so much to
an increased ability to incorporate air rapidly but more
uniformly.
The temperature at drawing did not prove to be
influenced when brine control was held uniformly. The
differences appearing in the tables are due to the ineffi-
ciency of the freezer to maintain a constant temperature
after the brine valve was closed©
The second stage homogenization as compared with
the single one shows practically no difference in freezing
time.
Table II, Series A, B, G, D, and 3 show the
freezing results (average of three trials). Temperature
readings are expressed in °F.
Freezing Time of Mixes Variable in
Serum Solids
The effect of different homogenization pressures
on mixes variable in serum solids content brings out very
little difference so far as 10 per cent and 12 per cent
- 51 -
serum solids in low fat mixes are concerned. The differ-
ence noted in Table III (all series) is due largely to the
concentration of the serum solids not fat itself rather
than to a difference in homogenization effects. This again
demonstrates that serum solids act differently than fat in
the freezing process and overrun incorporation. In addi-
tion to the effect on sandiness, a high serum solids con-
tent in the low fat mix apparently causes a rather brittle
body incapable of taking up air as rapidly as mixes con-
taining less serum solids. Double stage homogenization has
no comparative difference over the single stage on the
freezing process. A decrease in ability to incorporate air
seems to result with the increase of pressure in the second
valve when applied to high serum solids content mixes.
An increase of fat in high serum solids mixes
acts as an overrun deterrent which is increased with high
single stage homogenization pressures. Since the maximum
overrun attained was in each case approximately 90 per cent,
the time figures given (Table IV, Series A, B , C, D, and E)
are also representative of the time required to incorporate
a desirable commercial overrun. The increase of pressure
in the second stage of the homogenizer, the first remaining
constant applied on high fat and serum solids content mixes,
seems to decrease the rate of whipping as does the increase
of pressure in the single stage. Yet, individual batches
varied considerably, especially in mixes high in serum
solids*
Melting Resistance
Hie usually accepted theory in explaining the
cause for the rapid separation of fat from milk serum in
the Swedish system of milk separation is the inability of
butterfat to absorb heat as rapidly as does milk serum.
The theory, if applied to the rate of melting of ice
cream samples of varying percentages of fat, would mean
that high fat samples melt more slowly than those of low
fat content. This is exactly what happens, and with this
understanding, we will study the effect of single and
double stage homogenization at different pressures.
As concluded in the first part of this work,
the melting resistance of the standard 14 per cent fat
mix is decreased gradually with the increase of pressure,
especially with the use of the second stage or valve
homogenizer. A similar effect was found with other mixes,
the extent depending upon the composition of the mix.
An increase of fat in a low serum solids mix de-
creases the rapidity of melting, but the general homogeni-
zation effects remain the same as previously expressed for
the 14 per cent fat mix. An increase of serum solids not
fat for a constant amount of fat increases the rapidity of
melting at a given homogenization pressure.
Figures I and II show the effects of single and
double stage homogenizatioim on low fat and serum solids
mixes. These figures show that different homogenization
- 53 -
pressures haveless effect on such, an ice cream mix
than one similar in fat content "but higher in serum
solids not fat (Figure III). Since fat makes ice
cream more resistant to melting and since it is large-
ly the millc serum which passes through the screen on
melting, it is logical that an increase in milk solids
not fat would lower the resistance of an ice cream to
heat. This is more evident with the increase of homog-
enization pressure.
Figure I
The effect of single and double stage homog-
enization on the melting resistance of a
10 per cent fat, 10 per cent serum
solids ice cream mix.
1 - 2500 single 3 - 2500-10QQ
2 - 2500-500 4 - 2500-1500
5 - 3000 single 7
6 - 3000-500 8
3Q0Q-100Q
3000-1500
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Figure II
1
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Th
thfS?^n5 md d0Uble staSe ^omogenization onhe melting resistance of a 10 per cent fat and 10per cent serum solids ice cream mix
2
* Rn^
16
! *
3500-10°Q 5 - 4000 single 7 - 4000-10002 - 3500-500 4 - 3500-1500 6 - 4000-500 8 - 4000-1500
Figure in
The effect of single and double stage homogenization on
the melting resistance of a 10 per cent fat and 12
per cent serum solids ice cream mix
1 - 2500-1000 3 - 3000-500 5 - 3500 single 7 - 4000 single
2 - 3000 single 4 - 3000-1000 6 - 3500-1000 8 - 4000-1000
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Second stage homogenization, in comparison to single
stage, shows less apparent effect on low fat and serum solids
mixes than it does with mixes of higher concentration of fat
or solids not fat. A comparison of Figures I, O, m, and
IV shows that an increase of pressure in the second stage
only has an increased effect scarcely evident in Figures I
and II. The effect is distinct in Figure III and more ap-
parent on mixes higher in fat and serum solids not fat rep-
resented in Figure IV.
In all cases, no one of the samples showed any
great amount of melting during the first hour of exposure,
- 56 -
although those of lower fat content, high in serum
solids content, or homogenized with the double
stage homogenizer with more than 500 pounds on the
second valve, melted much more rapidly during the
second hour than those of higher fat content or
lower pressure of homogenization, especially with
single stage homogenization. m fact, at the end
of a 1.5 hour period, almost twice as much of the
10 per cent fat ice cream had melted as of the 14
per cent. Approximately 4 or 5 times as much of that
homogenized with the double stage pressures had
melted as of the single stage pressures, particularly
when a low pressure was used in the single stage or
first valve of the double stage homogenizes
Judging the Ice Cream
Bearing in mind the purpose of the classing
of these samples, the judges* opinions were very close-
ly related to their criticisms. All observations were
based on the body, texture, and resistance to melting
in the mouth for each sample. The best ice cream se-
lected in each series, based on the homogenization
pressure, was as follows. (Pressure expressed in pounds
to the square inch.)
57 -
Mix I — 10 per cent fat - 10 per cent serum solids
Series A - 4000 single
Series B - 2500-1500
Series C - 3000-1000
Series D - 3500-500
Series E - 4000-500
Mix II — 10 per cent fat - 12 per cent serum solids
Series A - 3500 single
Series B - 2500-1000
Series C - 3000-1500
Series D - 3500 single
Series E - 400Q-10Q0
Mix III — 14 per cent fat - 12 per cent serum solids
Series A - 3000 single
Series B - 2500-1000
Series G - 3000-1500
Series D - 3500 single
Series E - 4000-1000
The judging of the "best individual sample of the
five series in their respective mixes gave the following
placing*
Mix: I - 3500-500
" II - 4000-100Q
* III - 3000 single and 2500-1000
58 -
Reports of the Judges showed coarseness more
or less evident in all homogenized samples of low fat
ice cream, while smoothness was reported in higher fat
(14 per cent) ice cream. An increase of serum solids
in the mixes for a constant amount of butterfat appeared
to increase the amount of homogenization pressure need-
ed to produce the "best results. This seems to contra-
dict previous results hut it represents the opinion of
the judges for the different mixes on an average of three
trials in each series.
A. variation in fat content in mixes processed
at different homogenization pressures, single and double
stage, causes a very remarkable difference in the quali-
ty of the ice creams. It seems rather certain that an
increase of pressure in single stage homogenization and
the use of double stage homogenization will, in many
cases, improve the quality of a low fat ice cream, but
cannot take the place of butterfat or replace a part of
it when the percentage of butterfat is as low as 10 or
12 per cent. The 14 per cent fat and 10 per cent serum
solids mix seems to be, in this case, the mix showing
the greatest effect from homogenization, particularly
double stage, and gives a product of reasonably high
quality.
- 58a -
Part in
???i"n fJ in^lQ an<* Double Stage HomogeniDifferent Pressures on Mixes Variable in So
of Fat Ingredients and Without Gelatin
Viscosity
Homogenization of mixes variable in the source
of ingredients causes such a great variation in results
that further investigations should be performed on this
problem. The following results obtained from butter
mix.es without gelatin are compared with the standard sweet
cream mix of the same composition studied in the first part
of this work.
different pressures on butter mixes shows a greater effect
on viscosity before aging and less increase in 24 hours of
aging than in sweet cream mixes. This is particularly pro-
nounced with increases of pressure. A similar effect to
that mentioned in the first part of the study, with sweet
cream mixes
,
again appeared in the butter mix.
aging and a corresponding increase in 24 hours of aging was
caused by homogenization at 3500 pounds single stage or
above. This was true also with the addition of the second
stage. Ec- microscopic examinations were made to determine
the size of fat globules, the rate of clumping, and the dis-
persion of the fat in the mix. However, the same possible
A comparison of single stage homogenization at
A noticeable decrease in the viscosity before
- 59 -
explanation advanced for the standard mix (page 13 )
might he equally true in this case. Comparative micro-
scopic examinations possihly would reveal some interest-
ing points.
Double stage homogenization did not decrease
the viscosity either before or after aging as much in
the butter mixes as it did in the sweet cream mixes.
With the increase of pressure on the first valve and the
use of the second valve at different pressures, the vis-
cosity of a butter mix seems to increase proportionally
to the total increase of pressure applied rather than to
the increase of pressure on the second valve alone.
Table V, Series D, shows the pressure at which
an increase in double stage homogenization increased the
viscosity proportionally to the total amount of pressure.
Series A, B, C, D, and B show the effect of different
single and double stage homogenization pressure on the
viscosity of a butter mix as compared with a sweet cream
mix of the same composition.
The influence of gelatin on viscosity is appre-
ciated when we come to study the different results ob-
tained from single and double stage homogenization pres-
sures on mixes with and without gelatin. Bven in small
amounts
,
gelatin plays a great part in the viscosity pro-
duced by different homogenization pressures of the mix.
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The homogenization process applied to mixes with no
gelatin caused less viscosity before aging and little
to no increase in 24 hours of aging.
Single stage homogenization gave greater
viscosity than double stage, but not corresponding to
the increase of pressure applied* There waa no tendency
with either method of processing to increase the vis-
cosity after aging, which seems to prove that the great-
er part of the texture benefits resulting from aging an
ice cream mix are associated with the viscosity imparted
by gelatin.
Table 71, Series A, B , C , D , and B shows the
effect of single and double stage homogenization at
different pressures on the viscosity of a mix without
gelatin as compared with a mix of the same composition
containing »4 per cent gelatin.
Protein Stability in Butter and Uo Gelatin Mixes
The protein stability of homogenized mixes
variable in the source of fat and without gelatin corrobo-
rates the previous theory advanced in Part II concerning
a plasma solids/fat ratio forming a critical zone at which
the protein of the mix is unstable and shows a variation
with different homogenization pressures.
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The use of butter as the source of fat giving
to the mix a sufficient plasma solids/fat ratio seemed to
render the protein stability still more sensitive to homog-
enization, especially when the "butter was not absolutely
fresh and of good quality. Results accumulated (not shown
in this paper) gave a variation from 6 cc to ,5 cc of al-
cohol necessary for the same mix. No different effect
seemed to result from the use of single or double stage
homogenization<>
Gelatin itself had no influence on the effect
produced by homogenization on protein stability. The same
behavior was exhibited by mixes without gelatin as those
containing .4 per cent gelatin.
The Freezing Process
Butter mixes homogenized at different pressures
showed, in general, a decrease in the rate of whipping
which correspondingly influenced the whole freezing process.
Unlike mixes in which sweet cream was the source of fat,
butter mixes increased in freezing time with the increase
of single stage homogenization pressures (Table V, Series A).
There seemed to be a certain relationship to the amount of
viscosity, which was more apparent than in mixes of differ-
ent composition*
Double stage homogenization, when compared to
single, decreased the whipping ability with the increase
of pressure on the second valve, the first remaining constant.
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The maximum time, 13 minutes, was obtained with high
pressure on both valves (4Q0Q-15QQ). Table V, Series
B, C, D, and E, shows the freezing process of a butter
mix as compared with a sweet cream mix, both being
processed at the same single and double stage homog-
enization pressures.
The processing of mixes without gelatin,
homogenized at different pressures, presented some
closely related effects. The increase of pressure
in the single stage homogenization decreased slightly
the whipping ability of the mix, but gave the desired
amount of overrun in a rather short time because of
the ability to incorporate air steadily <» Double stage
homogenization on the same mix showed similar effects
to the single stage process. High pressures applied
on both valves increased the time to obtain 90 per cent
overrun as for mixes of the same composition plus „4
per cent of gelatin (Table VI, Series A, B, G, D, and
B).
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Melting Resistance
The melting resistance of butter mixes homog-
enized at different pressures offered some interesting
observations rather different from those studied in
Part I with sweet cream mixes of the same composition.
The rate of melting was observed to be in all
cases rather slow, due to the fact that a foamy condition
prevented the rapid passage of the milk serum through the
screen, which increased with the increase of homogenization
pressure. High double stage pressure seemed particularly
affected (See Figure V)
.
The influence of gelatin on the melting resistance
of a mix has long been recognized as beneficial either by
its crystallization portion or by its property to increase
viscosity which regulates to a certain extent the rate of
melting. Mixes without gelatin melted in a relatively short
time except where a foamy condition had been created by the
homogenization pressure.
Unlike other mixes studied, the rate of melting
showed a very slight difference between single and double
stage homogenization, the rapidity being more proportional
to the total amount of pressure applied than to the way it
was processed.. Figure VI shows the rate of melting of eight
samples homogenized at different pressures, single and
double stage, after 1.5 hours of exposure at 74-75°F. The
best melting condition appeared at medium high pressure
(3500-500 pounds) and up.
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Figure V 3
fflOIll
The effect of single and double stage Homogenization
at different pressures on the melting
resistance of a butter mix
2~??SS
$iS Single 5-3500 3i^gle 7-4000 single-2500
- 1000 4-3000 - 1000 6-3500 - 1000 8-4000
-1000
Figure VI
The effect of single and double stage homogenization
at different pressures on the melting resistance of
an ice cream mix containing no gelatin
1-2500 single
2-2500 - 1000
3-3000 single
4-3000 - 1000
5-3500 single
6-3500 - 1000
7-4000 single
8-4000 - 1000
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Judging of the Ice Cream
The judging reports showed that all butter
mix apples have a tendency to give a slight tough or
gummy feeling in the mouth. The body and texture,
although being close and smooth, appeared buttery with
the increase of homogenization pressure, particularly
with 4000 pounds pressure, single and double stage.
This is explained when we consider the time taken to
incorporate the small amount of overrun. The time per-
mitted a slight churning of the butterfat.
The following individual pressures have been
chosen in each series as producing the best ice cream.
Series A - 3000 single
Series B - 2500-1000
Series C - 3000-1000
Series D - 3500-500
Series E - 4000 single
The final classification of the Judges on the
basis of the best body and texture of these five samples
was as follows.
First - 3500-500
Second - 3000-100Q
Third - 3000 single
Fourth - 2500-1000
Fifth - 4000 single
An increase of pressure in homogenizing a butter
mix increased the smoothness of the ice cream but at the
same time produced a lack of body and a buttery appearance.
Low pressures resulted in an open body and a tendency to
coarseness. Medium pressures, particularly double stage
homogenization, was found to produce the best ice cream.
Ice cream mixes containing no gelatin have been
reported in all cases as lacking resistance in the mouth
and tendency towards coarseness, without special reference
to samples homogenized at single or double stage pressures.
Low pressure of homogenization caused a coarse, soggy, and
some times crumbly texture and body, which disappeared
slightly and gradually with the increase of pressure, par-
ticularly with the use of high double stage pressures,
nevertheless, high homogenization pressures could not en-
tirely eliminate a slight coarseness of texture and lack
of resistance to melting in the mouth.
The pressures in each series, selected by the
judges as yielding the best ice cream were as followso
Series A - 3500 single
Series B - 2500-1500
Series G - 3000-100Q
Series D - 3500-1000
Series E - 4000-500
- 77 -
The most desirable ice cream samples chosen
finally from the five of the different series were 3500
single and 3500-1000 douole stage.
However, when compared to samples of the same
composition hut containing .4 per cent of gelatin, those
without gelatin were criticized as lacking resistance
in the mouth and having a tendency to he more grainy and
coarse.
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Summary
Part I
An increase of pressure in single stage homog-
enization causes a uniform increase in viscosity, both
before and after aging, for a 14 per cent fat mix. That
is until a pressure is reached which is sufficient to
prevent clumping of fat globules. Above this pressure,
the viscosity begins to decrease.
A constant reduction of viscosity results
through the introduction of double stage homogenization.
An increase of pressure on the second valve, the first
being held constant, increases gradually the viscosity,
corresponding, however, to the same law of variation as
presented for single stage pressures.
A certain relationship seems to exist between
the plasma solids/fat ratio and its tendency to produce
no evident clumping at a given homogenization pressure.
At this point the protein of the mix is partially de-
stabilized and shows a very unstable reaction when proc-
essed at different homogenization pressures. The homog-
enization process decreases the time of freezing when high
single and double stage pressures are used. Double stage
homogenization does not cause any practical difference in
freezing time for a mix of this composition and quality.
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The melting resistance of a 14 per cent fat
ice cream shows a very light decrease with the increase
of pressure in single stage homogenization. However,
a very pronounced decrease in melting resistance occurs
from the double stage process. This effect is increased
with the increase of pressure on the second valve*
Low homogenization pressures have been chosen
by judges as giving the "best ice cream for both body and
texture. Double stage has been mentioned particularly
with low pressure on the second valve. The increase of
homogenization pressures in both single and double stage
increases the smoothness of the ice cream but causes a
reduction in the body of the finished producto
Part II
The concentration of butterfat increases corres-
pondingly the effect of different homogenization pressures
on the viscosity of mixes. The decreasing effect of
double stage homogenization on viscosity is very slight
on low fat mixes but becomes more pronounced with the in-
crease of fat, all other ingredients being constant.
On the other hand, an increase of serum solids
in a low mix (10 per cent fat) increases substantially the
viscosity after 24 hours aging as well as the effect of
increased single stage pressure. In high fat mixes the
reverse is true.
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Double stage homogenization on high, fat and
serum solids mixes brings about a marked decrease of
viscosity which is continuous with, the increase of
pressure, The increase in 24 hours of aging varies
according to the pressure used but is always less than
with single stage pressures.
The protein stability of mixes variable in
fat and serum solids content appears to be stabilized
by homogenization. This is fixed for different pressures
applied, except when a critical zone is reached corres-
ponding to a plasma solids/fat ratio range of <>70 to .85
per cent. The protein stability is continuously de-
stabilized by different homogenization pressures within
this zone.
Aging and freezing decrease slightly the pro-
tein stability of mixes when aging takes place at a suf-
ficiently low temperatureo
The whipping ability of ice cream mixes variable
in fat content is affected markedly by the homogenization
pressure© Increases in pressure on one or both valves of
the homogenizer result in a greater ease of air incor-
poration when the mixes are frozen. However, high fat and
serum solids mixes homogenized at single or double stage
pressures act as overrun deterrents. Such conditions are
less detectable in low fat mixes.
High homogenization pressures, or the use of
both stages of the homogenizer at different pressures, on
- 81 -
low fat and serum solids mixes show less effect on
melting resistance of the ice cream than mixes high in
one or Tooth of these ingredients*
*n increase of the fat content in ice cream
mixes decreases the amount of homogenization needed.
An increase of serum solids not fat for a constant
amount of fat content increases slightly the homogeni-
zation pressure necessary to yield the best ice cream.
Part III
When the pressure is increased on the first
valve of the homogenizer, on butter mixes, there is a
resulting increase in viscosity. However, the addition-
al use of the second valve of the homogenizer does not
always decrease the initial viscosity but, with a certain
amount of pressure, seems to increase it proportionally
to the total amount of pressure applied without showing
the effect of the second valve separately.
Mixes containing no gelatin, homogenized at
different single and double stage pressures, show less
initial viscosity with little to no increase in viscosity
after 24 hours of aging. Single stage pressures, however,
give a greater initial viscosity and the tendency to in-
crease more by aging than did the double stage homogeni-
zation pressures©
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The presence of butter in mixes having a plasma
solids/fat ratio in the critical zone or under seems to
give more sensibility to the protein to be de-stabilized
and show variation with different homogenization pressures.
The whipping ability and tendency to incorporate
air readily in butter mixes is affected markedly and some-
what destroyed by increases of homogenization pressure in
one or both stages of the homogenizer. Only slight effects
are shown in mixes without gelatin.
The melting resistance of ice cream without gela-
tin is affected more by the total amount of pressure
applied than by the double stage process itself* In butter
mixes resistance to melting seems regulated by the amount
of the foamy condition formed by homogenization.
The best homogenization pressures are higher in
butter mixes than in sweet cream mixes because of the soggy
feeling perceptible at lower pressures with butter mixe3o
Low single and double stage homogenization pres-
sures applied to ice cream mixes without gelatin produce
coarse and sometimes crumbly ice cream when frozen. A
medium high, double stage homogenization pressure gives
the most desirable ice cream» but with the general tendency
to be coarse and grainyo
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Conclusions
The writer hesitates to draw many conclusions
from the data accumulated in this study which touches a
large number of new problems, only a few of which have
been given consideration in this investigation. However
he believes it not out of place to list the following as
strongly indicated probabilities which will, in some
cases, require further substantiation.
1» The amount of homogenization pressure to
be applied in the processing of a mix depends
largely upon the composition of the mix itself,
the source of ingredients used, and the working
efficiency of the homogenizer* For these reasons,
the double stage homogenizer did not give suffi-
ciently better results to warrant the statement
that it should be used in all cases, although with
many mixes two stage pressures gave superior re-
sults to single stage homogenization.
2. A plasma solids/fat ratio appears at which
the mix partially loses its stability to different
homogenization pressures. This critical zone seems
to exist between the ratios of .70 to ,85 for the
amount of plasma solids to the amount of fat. Above
this zone the protein of the mix shows a fixed
stability to the homogenization process, regardless
of the variation in pressures applied.
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3. A very close relationship exists
between the plasma solids/fat ratio above which
no clumping is evident or even pronounced and
the critical zone at which protein stability is
affected by different homogenization pressures.
Due to many factors which are difficult or im-
possible to control, it is not possible to es-
tablish a definite value for the critical zones
and their relationship since the mechanical
efficiency of the homogenizer, individuality in
the physical properties of different samples,
the fat and serum solids concentration of the
mixes, and other undefined factors influence the
value.
4» Single stage homogenization increases
the viscosity of a mix more than double stage.
However, concentration of butterfat, the extent
of fat globule clumping in the mix, and gelatin,
even in small amounts, influence the resulting
amount of initial viscosity as well as its ability
to increase with aging, when processed at different
homogenization pressures.
5. The processing of a mix at different single
and double stage homogenization pressures failed
to reveal any treatment which would satisfactorily
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replace a part of the butterfat, particularly
"below a certain concentration of fat which, seems
necessary to give the maximum effect on the
quality of an ice cream. It seems impossible,
also, to entirely exclude gelatin from the mix
and still secure a satisfactory product, even
when there is a sufficiently high concentration
of butterfat.
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